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Abst r-act

Space rddiation cflects or] high] y scaled IOW ~rowcr  rnevnoric.s
have hem investi~atrxt Scaling and voltage reduction generally
rt-ducx fhc radiation tolerance of n~irxrclcctmlic ccrnqxmnts. T’wo
distinct ionizing radiation degradation nmchanisrrls  contributin~ to
con~poncnl  failurv  arc pmentcd. Also discussed a] e heavy iol I data
taken fmrn highly scakd lXAMS that show ncw hard crmr cffkcts
that arc cxpcdcd to bmomc worse as dcvicm am scaled fullbcr.

SPa~  ~adiatior~  l~ff~s 01~ V1 .S1 J ~vic~

lntcgrakd  circuits arc continuing to advaacc rapidly. Several
n~anufacturcrs have 1 C]b I XAMS in dcwcloprnc.nt  [1,?] and them
have hem several rvmnt studies on aknativc CMOS scaling
approaches for low }Wwei  ciwuik [3,4 ]. ‘l”hiscontinucd advance.lncmt
in scaling arid circuit dmsit y akSO impacts the performance of
advarmd  dcvicm in spare whict 1 are rcquiml to OIXH  ~te after
cxposum levels of 20102 krdd(Si).

Ilffects of Scaling on the ability of CMOS intc.grated ci[cuits to
withstand ioni?,ing radiation bavc been investigated for sot nc time. [5-
8]. I~or exarnplc,  when gate oxidm m thinned, there is a ~mxal
reduction in radiation-induced threshold voltage shift. ‘lhis tlmN]-

old voltage shift gcnmlly follows a {)X2 relationship [5+ 81. IIR
kncfl of thinning gate oxides is clear, but UICX gains can be offict
by changes in circuit design an(i internal operating lt Iargins  which arc
nemssary to circuits designed with highly scaled dcvicm.

l;vcn though the g,atc oxide is (hinr)cd,  fkld oxides are still
datively thick ( 100’s of m) and frclcl  oxide invcmion is often the
don~inatcrruxhanism  fortolal  ionizing dose (7’JI )) failure.. }<educing
the operating voltage of CMOS cil cuits below 5 volts can have
bencticial cffcds, but them am incvitabk trade-ofls in circui(  opct -
ational and mdiat ion pcrfonnancc.  Reduction in noise margins as

scaling increases may 1 csult in early total dose failure in highly scaled
dcvicm

As device gcornctrks art. scaled down, dcvicm dimensions arc
scaled by diffc.ring  factors. 1 ‘o] ysilicon and silicon oxide Iaycls must
k thinned to maintain performance [9]. As Mt3S transistor gale
Icngrhs arc RXiuced  to below 0.8 pm, the Sllpp]y  voltage nlust be
rrduccd  to avoid hot earlier  reliability issues. ‘Ihc rapid advance in
DllAM density makes this technology a good cboicc as a test vehicle
for studying the cffc~ls of incrvascd density and reduction in supply
volta,gc on the radiation response of highly scaled (icviccs.

Ncw ~(su]k for ]A)w’.vo]tafy  and ,%akd ]kviecs

1 igum 1 shows standby supply curwnt as a function of dose fkr
.scvcrtrl  high dcn.sily 1 )l{AMs  includins a 64Mb 33V fast page mode
I )]{AM.  Twoclasscs  Of bcllaviorcan  k seen. Ihcr-apid  (Icgradation—.— ..-. -—-.  —
l’hcworkdcmrihcd inthi$ papcrwz~  call id OU[ by lhcJct  lkopcrlsiml  1.atmra(ol y,

Crrlifw  nin  (nsli~ule  of ’1 ’cchncrlq,y,  rmkv conlracl  with the N!zrliollal  Amonautics

and .Spacc Adlnini strat  ion under IIK NASA Code Q Microclcclrollics Space

Radiario[l  I: ffcc[sl’lt>g,lall)  (MSRltl’).
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FIgUrC  1. I,, ,standby  vs. ionizia~ dose for  several lJ~AMs  includir:ga~~h~b  fa~I
page rnodc 33V DRAM. ~m the Iargc incrcasc  in supply  cuncnt at S and 15
krad(Si)  vs the gradual dcg, adalion  exhibited by the 3.3V 16Mt~  1 )RAM.

of currenl exhlbitcxl by three of the dcvicm in l;igurc 1 (curvtx  with
large inclines at 5 an(i 15 krad(Si))  can be explained by tmppcd
charge in the field oxide WIICIC  huge parasitic leakage paths can be
dcvclopd  Another claw of ionizin~ radiation de.gadation is .sccn
where supply cunent p,rariually incwmes with radiation and it is
characte~ iz~ by tIIc fburth  curve in 1 ‘igurc 1. in (hc.w cam,  device
failure may occur duc to gale oxi(ic. ioni7.ation damage. which shifLs
UK subthm.sbold cllaractct istics of the lXAM mcrnory  ccli access
transistol  ~. An example of the subthrcshold  curves after various
radiation doses for an w I II ;1’ ft {orn a 3 .6V I XAM prmcss is shown
in I/iRurc  2. Note. that V. shifts negatively and eventually (imclops
large-parasitic leaka.gc Ilk at tbc-bight.it dose of 55 k&i(Si).
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‘1’hc  change in subthreshold leakage also eau.sm rchmtion  time
to clccrcme  wittl radial ion. 1 ‘igtnc 3 shows rclcnticsn  tiI nc CM for the
10% of tl)c bits with fhc sbotlmt  retention times for two 16Mb
I X{AMS. Mean mtcntion time dccreasm significantly with increm-
ing lcvclsof radiation, but first tit retention ti mcs at-elm affecteii, ‘Ihc
distribution of ~ctention thnes is dctcnnincd  by a nLInIbeI-  of factors
inciuding  sta(ist ical wtiations in the thresiloid voi(agc an(i opmting
margins of the inciividual cdis. llm titms were. mcasLIIcd  at 40”C and
would be much Shorkr  at higher trm~.ralum

o 10 20 . 3 0 4 0  S 0 6 0 7 0 8 0 9 0 1 0 0
Rctctiion Ikuc, Seconds

I’UYW 3. Ilxwn(agc  of bit  fnilm  vs. nlca!ioatiar  forlwo 16Mbl)RAMs  Not dmt
n a]ch Iargcrshifls  rrccursrt higlr.rpcrmatage.s  thaa at low pmxdagc.s

I kavy 10II IMlkds in 1 Iigh-lkmity 1 xrw Voltage I)RAMs

A heavy ion (from alpha particles on up) strike creates a

dense track of electrons and holes; thus the. net effect of ra(iiation
ciamagc from ilcavy ions incrcasc.s as fc-aturc-sim is mtuce4i  to the
point that it is comparable in sim to the diameter of the ion track.
Three main categories of single iominctuced (or “single r-went”)
effects al-c (1) the upset of storage clcmcnts, (2) dicleetr ic
breakdown, and (3) locali7,ed dose damage or “lnicrodo.sc.”

When dcvicc dimensions arc reciucwi to the point where the
area of the micmdosc  created by a single parliclc is comi)arablc
to the active gate region, it is possible for the localized ciamage
from a single interaction to affect an individual MOS transistor.
Suci) cffcc[s  WC1-C unimportant for cicviccs with feature. si7,es
above 1.Opm  beeausc  several heavy ions would have to st[-ikc  ti~e
gate region in order to cause suffrcicnt  damage, which has low
statistical probahllity. I’hc loealimd residual micro dose damage
lasts for some time, but may partialiy iit]n~al  with time and/or
clcvakd tmpcraturc.  Microdosc damage has been cicfinitively
observed [ 10,11] in dcviccs  with feature si7es <0.8 IIn~, dmlon-
strating tilat feature si7cs arc now smali enough for microdosc  to
be a significant an[i increasing problem.

~ctcntion time is a Useful too] in the study of microdosc
c.ffcc[s  in lJI{AMs.  llgurc. 4 shows retention time distributions
for two 4Mb IJ1<AMs with two different feature si7es from ti~c
same manufactwcr.  Ions  witil nloderatc.ly dense ionization
tracks cause a distl-ibu[ion of rcten(ion time re.duclions base.(i on
tlw statistical nature of tile ncal-ncss of liIc Sttikc to sensilivc. gate
regions and tile cilargc trapping process. Note that the. smaller
fc.aturc  sim de.vice is more. affected, as expectui. As feature. size
is furlhcl- rcduccd, the dcimitcci nliclf)ciosc fmn a givem ion

spe..ics and c.ncrgy increase.s and the numtm of ions capab]c of
a given (iosc increase.s rapi(iiy
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IJlgrrrc 4. Kclcatioa time  data aftrr heavy ioa irradialioa shou,iag  the I]licfmlrrsc

cffccl  on I JKAMs  wilh two fcaturcsi?cs from (1)c sarnc mal}afac[rrrcr.
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Although SOIIIC improve. rncnt in total dose hardness is
expected from reduction in gate oxide thicknms,  test results show
that scaling dots not consistently improve raciiation response for
conventitmai total dose e.llkrirc)rlrl~c~~ts.  The underlying reasons
arc field oxide inversion, because flcld oxides cio not scale with
other dmice dimxrsions,  and internal operating margins, wilicb
are Iowm  for highiy scaled dcviccs. l~or single event effects, one
can cxpec( reduced device perfor!nance due to transistor sut)-
thrcshohi  leakage (microdose.)  and ion-induced gale rulWm
Iixpe.rimmtal  data show that as device siz.c apimachc.s  heavy ion
track dial ncters, single ion stl ikcs ale more capable of seriously
ciisrupting, memory cell performance in space applications, “1’hc
n~icrodoseproblcm will imornc more scvcrc as dcvim arc scaled
further, and wili be.eotne.  important for ottm  types of VI .S1
devices as well as rnc.lnorics.

Rcfcrmct’s
[ 1]’1’.  Su~ikyad!i,etrd  ,“A  lG~DRAMfrx  Iilcappl,ca[irm<;’  rl;lil:lrl[cr,[[itior,;il Sol!d-Smc
Circuits COJ,  rerc.ce,llip,  oflech  1’tipcrs,254-2SS (t995).

[2] M. [Iorip,,ct,i,  et[il.,’’Ar]ex~  rir1cl,[al22Oh4llz  lGbr)RAM,”  Il:lll;l!l[cr,ltition:,l  SrIl,cl-
SWC Clrcui[.  Conference, IJig.  of ‘Icctl. Papas,  252-2$3 (1 995)

[3] K ltoh,  K S[iv~ki,  and Y. Nah}lgc,[,w, “’I’rvnd\  ia low-pow) crRAhl  circoi[t cct)!lologic  s,’”
llilll.SyaIp  ,siumoa 1.OW  J’owcr  lilcc[ruaics,  IJig.  of  ’1 ’ccl,.  I’tprs,  8487 (1994)

[4]7 Chcn,c  tat ,“CMOStcchrrolo[.  yscaliagforlow  vol(agclowpwcra  ppl,c[,tion<,”  rllil
Syrapcbsiua)  onImv I’owcrl{lccUOaics,  rh~.  of ’1 ’ccl,.  Papers, S6-S7  (1994)

[5] M, R, Sh;(rwyfelt,  etal ,`'I;.flcc~s of&vim  scalirlgandgeo!  ~~uyot)h4()Sr  `ldl;  !tior1l]iirdrics\
aisarancc,”  lfOT!,7’rfins Nucl  Sci ,NS.Xl,  1678 -168S(1993)

[6]J, ScarpuUa,etal.,’’Ga~ eo~id,:dcpendcn  ceof[llc radialion-~~[od[] cedct,:lrs,fs  illflm~hold
vorragc, nml,ility,  andintmfaces{atr  &nsityinbulk CMOS,”  Ill;t;’1  r,tms  Nuct Sci,,N$ 39,
r990  1997(1992)

[7i J.W. Sct!!inkler,e[a  l., '' Chi()Ssctilin  F,il!,l>licatio[ls  for!o[,!l  dose  rdla[iom”  rli[ilt’1  r,ia,
Nucl Sci.,NS-32,398839W( 1985)

[8]J.  G. Fos.on\,  G. F, I)erlxawick,  smd  11.1.  Gregory, “Iksigu  op[it[iiration of raditilioll-
hardcrred  (’hf  OS irl[cp,r~tcd  circuits,” tt.1itt’1’rans  Nucl Set ,NS-22.2?08-2213  (1975)

19] W. rxxci  al , “lksiga  !Xjcttloclot(,p,y>tind  size  llrl)it:!tic,!]  so fstlt,[l,ic[,,!  1!c[<rh40Sll:1  \ for
[)l<Ahl  appl,ca[io[l\,”  rl:l~li’1’rms. l:tcc~  rkv.,El)-3.S,  187(,(1988)

[ IO]G  M. S\\if~,I  J. J. I’a[lr,ctt,a!ldA  II Jolinston,4'A  ncwcl:,ssoffirlf,l(`  c~cllltl:ircl  crr~)r~.''
ll;ll,’1’ma~ Nuct Sci ,NS41,2043-2048  (r994)

[ I rlr rr 0! Illwll, K w. I{cnacll, ‘“l owl dose  faitures  it)  :idvar]cmt  etcclrmlc\  fmul  sIT8F,lL’
ioas,”  rlil;.t;  I’rm!  Nacl  Sci , NS-40,  I Ml. r 830(t  993)


